Lipophilic exudates of one species each of Chamaebatiaria and Elsholtzia, two species of Silphium and four Dodonaea species were analyzed for flavonoid aglycones. In addition to a number of well-known and widely distributed flavonoids, several very rare and one novel natural flavonol were isolated and identified. 1 H and 13 C NMR data of four flavanones and two flavones are reported.
Occurrence of external flavonoids in Angiosperms has been primarily reported from families such as Asteraceae, Lamiaceae [1] and other families exhibiting exudates. Production of exudates is linked to the presence of secretory structures, and in most cases terpenoids are the major constituents of such materials. Also, within related plant species, those from arid/semiarid or alpine habitats show higher yields of exudates than those from mesic habitats, indicating ecological significance [2] . In extending our studies on distribution of exudate flavonoids, several species have now been analysed for the first time and we wish to report the results in the following.
The following abbreviations are used throughout: Me = methyl group (CH 3 ); OMe = methoxy group (-OCH 3 ), C 5 = prenyl moiety (-C 5 H 11 ); SCHN = Herbarium Schneckenburger at TU = Technical University Darmstadt.
Chamaebatiaria millefolium (Torrey) Maxim (Rosaceae): The surface flavonoids of this plant comprise kaempferol, kae-3-Me, kae-4´-Me, kae-3,4´-diMe; 6-hydroxykaempferol-3,6-diMe and -3,6,4´-triMe; herbacetin-3,8-diMe and herb-3,8,4´-triMe; pinocembrin, 5,7,4´-triOH-6-OMe-flavanone, and 5,7-diOH-8,4´-diOMe flavanone. 5,7,4´-triOH-6-OMe-flavanone was reported earlier from several species of Asteraceae and one species of Lamiaceae. 5,7-diOH-8,4´-diOMe flavanone was first reported from Chromolaena subscandens and called subscandenin (Asteraceae [3] ). We found it in the exudate of Ambrosia bidentata (Asteraceae; [4] ), and now in the exudate of Chamaebatiaria millefolium. We assume, therefore, that in Chromolaena it also occurs externally. There are no earlier reports on flavonoid aglycones from Chamaebatiaria.
Dodonaea angustifolia L.f. [previously Dodonaea viscosa (L.) Jacq. var. angustifolia (L. f.) Benth.] (Sapindaceae) exhibited 5,4´-diOH-6,7-diOMe flavanone as the major exudate flavonoid, accompanied by kaempferol-3-Me and 6-OH-kae-3,6-diMe. -A recent paper on Dodonaea angustifolia from Africa reports 6-OH-kae-3,6-diMe as the major leaf flavonoid [5] . . exhibited kaempferol-3-Me, kae-3,4´-diMe, kae-3,7-diMe, quercetin-3-Me,  qu-3´-Me, and qu-3,3´-diMe. The exudate recovered from Dodonaea triquetra Wendl. displayed a wide array of flavonoid aglycones: kaempferol-3-Me and kae-3,4´-diMe; 6-OH-kae-3,6-diMe and 6-OH-kae-3,6,4´-triMe (main product); quercetin-3-Me and -3,3´-diMe. Traces of apigenin were detected as the only flavone present. Naringenin-7-Me and nar-7,4´-diMe are major components, while eriodictyol-7-Me is a minor component. Further we isolated small amounts of two products which did not exhibit "normal" molecular weights. These were identified by NMR spectroscopic studies to be 5,7,4´-triOH-3,6-diOMe-3´-C 5 flavone and 5,7-diOH-3,6,4´-triOMe-3´-C 5 flavone. Long range H/C NMR decoupling experiments established that the 5-OH was coupled to C5, C6 and C10 establishing the 5, 6, 7 trisubstitution of the A-ring. The proton coupling pattern of the B-ring was typical of 3', 4' disubstitution and the chemical shift of C1' (δ 120.5) indicated an OH at C4' and thus the prenyl group is attached at C3'. No long range coupling between H2' and C3' or between H5' and C4' were detected.: The 13 C NMR spectrum of the second unusual product was nearly identical to that of the former, the only significant differences being in the resonances of C1', C4', and most significantly C5'; thus it is clear that the latter compound is the 4' methyl ether of the former and hence is 5,7-diOH-3,6,4´-triOMe-3´-C 5 flavone. 5,7-diOH-3,6,4´-triOMe-3´-C 5 flavone (viscosol) was reported earlier from Dodonaea viscosa [6] , while 5,7,4´-triOH-3,6-diOMe-3´-C 5 flavone (desoxyaliarin) is a novel natural flavonol. Dodonaea viscosa Jacqu. ssp. angustissima (DC.) J.G.West: Analysis of this plant´s surface flavonoids revealed pinocembrin as the major component, accompanied by naringenin-7-Me, nar-4´-Me, eriodictyol-7,3´-diMe, and eriodictyol and eriod-7-Me as trace constituents. A further prominent component was identified by NMR studies to be 8-C-Prenyl-eriodictyol. This flavanone is known from the leaf exudates of several Wyethia (Asteraceae) species (see e.g. [7] ) and of Encelia stenophylla (Asteraceae; [8] ). Its 1 H and 13 C NMR spectra were identical to values reported in the literature [9, 10] . Furthermore long range coupling of the 5-OH to C5, C6 and C10 confirmed that the prenyl group was not attached to C6.
Dodonaea multijuga G. Don
Earlier results with Dodonaea viscosa (most probably var. angustifolia (L.f.) Bentham) had been obtained with material collected in Mexico (G. Yatskievych 83-137, E. Wollenweber). Since the information had not been formally published, we herein cite all of the exudate flavonoids found in that material: apigenin-7-Me; scutellarein-6,7-diMe and scut-6,4'-diMe; kaempferol, kae-3-Me, -7-Me, -3,7-diMe, -3,4'-diMe, -7,4'-diMe and -3,7,4'-triMe; 6-hydroxy-kaempferol-3,6,7-triMe, -3,6,4'-triMe and -3,6,7,4'-tetraMe; pinocembrin; eriodictyol-7-Me and -7,3'-diMe; naringenin-7-Me and -7,4'-diMe; trace of 5,4´-diOH-6,7-diOMe-flavanone. Some of these flavonoids had been reported earlier for Dodonaea species, but no mention had been made of their external accumulation. The earlier reported prenylated flavonols aliarin = 5,7-diOH-3,6,4´-triOMe-3´-C 5 -OH-flavone, viscosol = 5,7,4´-triOH-3,6-diOMe-3´-C 5 -flavone and hydroxy-viscosol (refs. see [1] ) were not found in our study. -It may be mentioned that a recent study on extract from Dodonaea viscosa reports only apigenin-7,4´-diMe, 6-OH-kae-3-Me and -3,6,7-triMe [11] , whereas in another study 6-OHkae-3,7-diMe and naringenin-4´-Me were found to be active spasmolytic principles of this species [12] . The different phytochemical results might be due -at least in part -to the problematic taxonomy of Dodonaea.
Elsholtzia splendens Nakai ex F.Maek (Lamiaceae) yielded 5-OH-6,7-diOMe-flavone (baicalein-6,7-diMe) and 5-OH-7,8-diOMe flavone (norwogonin-7,8-diMe) as crystalline products. A small amount of 5,6-diOH-7,8-diOMe flavone was isolated by prep. TLC. Its structure was confirmed by direct comparison with a synthetic marker [9] . 5,6-diOH-7,8-diOMe flavone has been found only once before, in the roots of Scutellaria ramosissima [10] .
In an earlier study, Elsholtzia stauntonii has been found to produce three C-methylated prenylated flavones [13] . Analysis was done with ground material, hence localization of the flavones was not considered. It seems obvious, though, that they are also accumulated on the plant surfaces.
Silphium laciniatum L. (Asteraceae): Leaves and inflorescences of the compass plant did not show significant differences in their exudate flavonoids and were, therefore, processed jointly. We found the following flavonoids: (kaempferol), 6-hydroxykaempferol-6-Me and -3,6-diMe, quercetin-3-Me, -3´-Me, quercetagetin-6-Me, -3,6-diMe, -6,3´-diMe, and -3,6,3´-triMe. Small amounts of kae-3-glucoside, qu-3-glucoside and further quercetin glycosides were also present. One prominent compound was isolated in crystalline form and identified to be eriodictyol-3´-Me-6-C 5 . To establish that the prenyl group was attached to C6 rather than C8 long range C/H decoupling experiments showed that the strongly hydrogen bonded 5-OH (δ12.41) was coupled to C5 (δ 160.5), C6 (δ 107.5), and C10 (δ 101.5). The 6-Cprenyl derivative of eriodictyol-3´-methylether had been tentatively identified from Wyethia angustifolia (Asteraceae, [14] ). It was reported later from leaves of Monotes engleri (Dipterocarpaceae, [15] ).
To the best of our knowledge no flavonoid aglycones had been previously reported from Silphium species. In this context, we want to mention that cuts of fresh twigs of Silphium laciniatum exude a conspicuous colourless resin. TLC control on silica revealed that its terpenoid composition is more or less the same as that of the surface resin, but flavonoids are completely absent from the internal material.
Silphium terebinthinaceum Jacq.
In the surface resin of this species we found only flavonoid glycosides: kaempferol-3-glucoside, quercetin-3-rhamnoside, qu-3-glucoside, and qu-3rhamnoglucoside.
The occurrence of flavonoid glycosides in lipophilic exudates still appears to be a rare phenomenon [16] . Among the Asteraceae, we observed it in Tragopogon pratensis, where they cooccur with flavonoid aglycones [17] . 
Experimental

Extraction and Identification:
Aerial parts of the plants studied were collected either in the field and air-dried, or they were freshly collected in the Botanischer Garten der Universität Darmstadt. Both types of material were briefly rinsed with acetone, "defatted" and passed over Sephadex LH-20 as described often before (see e.g. [17] ). From phenolic fractions, the majority of flavonoids was unambiguously identified by direct TLC comparisons with markers, available in E.W.´s lab. Some identifications were further confirmed by mass spectra. For several new or rare flavonoids more detailed analysis by NMR was required. They were isolated from case to case by CC on silica (Kieselgel N, Macherey-Nagel) and/ or on polyamide SC-6 (Macherey-Nagel), or by preparative TLC on silica (SIL-G 25-UV, Macherey-Nagel). . Mass spectra were run on a Finnigan MAT 95 at 70 eV. 1 H and 13 C NMR spectra were obtained in DMSO-d 6 on a Brucker AMX 400 Spectrometer at 400 MHz. and 100 MHz. respectively and are reported as ppm δ downfield from internal tetramethylsilane. Structural assignments of 5,7,4´-triOH-3,6-diOMe-3´-C 5 flavone and eriodictyol-3´-Me-6-C 5 were aided by long range decoupling experiments.
5,7-dihydroxy-8,4´-dimethoxyflavanone from Chamaebatiaria millefolium
The NMR data we recorded for 5,7-diOH-8,4´-diOMe flavanone are in excellent agreement with those reported previously [4, 3] , except that in [3] the assignments for C-6 and C-8 are reversed. 
8-C-Prenyl-eriodictyol from
